Positions with subarcsecond accuracy have been measured for seven 22-GHz H 2 O masers associated with H II regions in the Large Magellanic Cloud (LMC); two of the masers are new detections. Initial position measurements were obtained with the 70-m antenna of the Canberra NASA Deep Space Network during a period of more than two years in which the antenna was used to monitor the maser emission. The positions were further improved using 22-GHz observations involving three antennas of the Australia Telescope Compact Array.
I N T R O D U C T I O N
Maser emission associated with the 6 16 -5 23 transition of H 2 O (rest frequency of 22.235 08 GHz) is commonly found near star-forming regions in our Galaxy, providing additional evidence of on-going star formation in these regions. However, masers with similar luminosities in other galaxies are generally too faint to be detected, and detections are mostly associated with super-luminous 'megamaser' emission in the central regions of galaxies. One exception is the Large Magellanic Cloud (LMC), for which the proximity and abundance of H II regions distinguish it as a potentially ideal galaxy for studies of maser emission. However, searches for H 2 O masers in LMC star-forming regions have resulted in only a handful of detections. Scalise & Braz (1981) reported the first detection, and Whiteoak et al. (1983) , Whiteoak & Gardner (1986) and Whiteoak and R. Peng (unpublished detection using the 64-m Parkes radio telescope in 1991) increased the total to five. More recently, van Loon & Zijlstra (2001) have reported two further detections.
A few masers of other molecules have been detected near or in LMC H II regions. OH masers have been observed in the 1.6-GHz ground-state transitions Gardner & Whiteoak 1985; Brooks & Whiteoak 1997 ) and a 6.0-GHz excited-state transition (Caswell 1995) . Masers have also been detected in the 6.7-GHz transition of CH 3 OH (Sinclair et al. 1992; Ellingsen et al. 1994; Beasley et al. 1996) . The most recent observations were obtained using the Australia Telescope Compact Array, and have provided maser positions sufficiently accurate for meaningful comparison of maser and continuum emission. In contrast, the H 2 O observations were made with other instruments and the accuracy of the positions has been no better than ,15 arcsec, and inadequate for accurate comparison.
To obtain more accurate H 2 O maser positions, between 1996 and 1998 we used the 70-m antenna of NASA's Canberra Deep Space Communication Complex to monitor the intensities of the five detected LMC masers. This programme included positioning observations, and the results yielded interim LMC maser positions with an estimated accuracy better than 5 arcsec. In 2001 January we observed the masers with the Australia Telescope Compact Array. The results provided positions with subarcsecond accuracy, at the same time revealing two new maser sites.
O B S E RVAT I O N S
The maser monitoring observations with the 70-m antenna were made at an average interval of two weeks during a two-year period in 1996 -98. At 22 GHz, the 70-m antenna has a 45-arcsec beamwidth and the antenna efficiency was between 0.5 and 0.6 for most of the observations. The receiving system initially included a K-band maser as pre-amplifier, and this was subsequently replaced with a cooled high-electron-mobility transistor. The zenith system temperatures in clear weather were typically 80 -100 and ,100 K respectively. The observations were fed into a 16 384-channel digital Fourier spectrometer with a maximum bandwidth of 20 MHz. Each complete maser observation consisted of a series of 156-s integrations towards the maser and at offsets of^25 arcsec in right ascension and declination. At the beginning of each observing period, the antenna pointing was set using continuum observations of the quasar B0506 2 612. Periodic observations of the H 2 O maser emission associated with R Dor provided additional pointing checks. The collected data were subsequently transformed into 2048-channel spectra (covering 270 km s 21 with a channel spacing of 0.13 km s
21
) for further processing with computers of the Australia Telescope National Facility (ATNF). For each set of integrations the position and amplitude were derived by a leastsquares fit to the five amplitudes of the main maser feature. for which a flux density of 0.98 Jy at 22.2 GHz was adopted. The spectra were obtained with a correlator configuration of 1024 channels covering a bandwidth of 8 MHz. The channels were centred on a frequency of 22.216 GHz and provided a heliocentric velocity range of about 201 -309 km s 21 with a velocity resolution of 0.13 km s 21 . The observations were processed using an ATNF version of the Astronomical Image Processing System (AIPS) of the US National Radio Astronomy Observatory. Sets of images with a resolution of 8 arcsec in right ascension and 12 arcsec in declination were produced for selected velocity ranges. Although images of the associated continuum emission were also produced, the limited range of visibilities restricted the detected emission to the most compact components.
The observed H 2 O masers are associated with the H II regions (Clarke, Little & Mills 1976 ) MRC 0510 2 689 (MC23, N105A), MRC 0513 2 694B (MC24, N113C), MRC 0539 2 691 (MC74, N157A), MRC 0540 2 697A (MC77, N159) and MRC 0540 2 696B (MC76, N160A). For the 70-m telescope observations, the position of a bright CH 3 OH maser detected by Beasley et al. (1996) in IRAS 05011 2 6815, a suspected ultracompact H II region, was also included. However, no H 2 O maser emission above 0.3 Jy was detected towards this object. The maser emission recently reported by van Loon & Zijlstra (2001) is in MRC 0539 2 691 and has velocities considerably lower than the LMC systemic velocity.
R E S U LT S
The 70-m observations provided positions accurate to better than 5 arcsec, and these interim values were used by Brooks & Whiteoak (1997) In general, the 70-m spectra generally had a higher signal-to-noise ratio, and included fainter features at velocities beyond the emission in the figures. In addition, the velocities of individual narrow components were generally different and the few components with similar velocities differed in intensity. These spectra showed systematic changes fig. 1 of Dickel et al. (1994) .
MRC 05102689 (N105A)
H 2 O, OH and CH 3 OH maser emission has been detected in this H II region [see review in Brooks & Whiteoak (1997) ]. The H 2 O spectrum in Fig. 1(a) shows several narrow-band features, with peak flux densities ranging up to 1.8 Jy, superimposed on broader emission between 247 and 273 km s
21
. This velocity spread includes the velocities of the OH and CH 3 OH masers ð253 -257 and 249 -253 km s 21 respectively), as well as the recombinationline velocity of the region (253 km s 21 ). The listed H 2 O position was derived using only the narrow-band maser features. The values determined for the individual peaks varied by about 0.4 s in right ascension and 1 arcsec in declination, suggesting that not all the peaks have a common location. The listed average is within 1 arcsec of the OH positions and about 5 arcsec south of a broad continuum maximum at 1.6 GHz. In contrast, the CH 3 OH maser is located more than 1 arcsec south-east of the other masers and beyond the limits of the main continuum distribution. Epchtein, Braz & Sévre (1984) have detected a probable protostellar object at near-infrared wavelengths which is located ,30 arcsec north of the H 2 O and OH masers and is therefore not related to the masers. Within its positional uncertainties (8 arcsec in right ascension and 5 arcsec in declination), it is coincident with the brightest 1.6-GHz continuum emission in the H II region.
MRC 05132694B (N113)
H 2 O and OH masers have been detected in this H II region; the former is by far the brightest maser detected in the LMC. The Compact Array results show that the H 2 O emission arises from two well-separated locations. Fig. 1(b) shows the brightest emission feature from one maser centre, extending in velocity from about 248 to 258 km s 21 and with a peak flux density of 82 Jy at 253.2 km s 21 . This flux density is four times greater than that observed in 1984 by Whiteoak & Gardner (1986) , and scaled to distances within our Galaxy would be comparable to the highest values observed for galactic H 2 O masers. The 70-m spectra show fainter features with velocities extending from 241 to 262 km s
21
. The maser is within 0.2 arcsec of the OH maser listed by Brooks & Whiteoak (1997) ; the velocities of the two masers are sufficiently similar to support the idea of a common origin. The masers are also within 1 arcsec of the centre of a 1.6-GHz compact continuum feature at RAð2000Þ ¼ 05 h 13 m 25: s 09, Dec:ð2000Þ ¼ 269822 0 450 :4. Thus it appears that the masers and continuum component pinpoint a region in which stars have recently formed and may be still forming. . The maser is located ,35 arcsec north-east of the 13-cm continuum peak mapped by Dickel et al. (1994) , and near the end of a continuum ridge extending from the peak. Walborn & Blades (1987 identified a nearby dense nebular knot ('Knot 2') containing an early O-type star that may be just emerging from its protostellar cocoon; it is surrounded by other early-type stars. More recent infrared observations of the knot by Rubio et al. (1998) have provided a position 7 arcsec (i.e. 1.9 pc for an LMC distance of 55 kpc) east of the maser position. The maser is even closer to other infrared sources listed by Rubio et al. and is presumably associated with this infrared group. The presence of the maser supports the conclusion of these researchers that star generation is occurring in this region, perhaps triggered by the 21 . Because this feature had not been previously detected in the observations with the Parkes telescope, which has a smaller beamwidth (1.4 arcmin) than the Mopra antenna (2.7 arcmin), they suggested that its location is displaced from the emission at higher velocity. Unfortunately, the new feature was outside the velocity range set for the Compact Array observations.
Van Loon & Zjilstra also reported the detection of another maser some 3 arcmin from the maser detected previously, with a heliocentric velocity of 201 km s
. This velocity is also well below the systemic velocity of the 30 Doradus complex, and it was suggested that the two new masers may be tracing current star formation in supersonic gas near the interfaces of colliding stellar wind-blown bubbles.
MRC 05402697A (N159)
H 2 O has provided the only known maser near this H II region. It was detected during unpublished observations with the Parkes radio telescope in 1991 by Whiteoak and R. Peng. Fig. 1(e ). However, the 70-m spectra contained additional faint emission in the range 242 -260 km s 21 . The maser is offset ,1 arcmin to the south-west of the main 1.6-GHz continuum emission imaged by Brooks & Whiteoak (1997) . Inspection of other unpublished 1.6-GHz images obtained with the Compact Array shows evidence of faint emission near the maser position. Deharving & Caplan (1991) have identified a B0 V star within a small emission nebula (N 159H), located only 3 arcsec south-east of the maser, and collectively these objects may be pinpointing a region in which star formation is still occurring.
MRC 05402696B (N160A)
The OH maser positions determined by Caswell (1995) and Brooks & Whiteoak (1997) 
C O N C L U S I O N S
This study has provided the first positions with subarcsecond accuracy for seven 22-GHz H 2 O masers associated with LMC H II regions; two maser centres are new detections. As in our own Galaxy, LMC H 2 O masers are not exclusively associated with major compact cores of H II regions, and may also occur in less prominent H II components, or on the edges of regions, pinpointing secondary star formation or interaction with the surrounding interstellar medium or molecular cloud. The maser positions range from less than 1 arcsec (270 mpc) from the centre of a compact H II component to beyond the boundary of significant continuum emission. Four of the masers are near continuum emission peaks, and three of these are associated with OH masers. For two of the latter group the positions agree to better than 0.2 arcsec (53 mpc). For the third maser the agreement is worse (0.9 arcsec), but as reported earlier there appears to be a spread in the positions of individual H 2 O features. These results are consistent with the suggestion of Forster & Caswell (1989) that, based on results for our Galaxy, complexes of H 2 O and OH masers have a 'typical' size of 160 mpc. The velocities of the H 2 O and associated OH masers can be compared using the OH results of Brooks & Whiteoak (1997) . Although the two sets of data have been taken at different epochs and the variability of the H 2 O maser emission may have affected the comparison, in all cases the OH maser velocities are within the spread of the H 2 O velocities. The three masers that were found to be not associated with continuum centres are located 3 -7 arcsec from optical or infrared phenomena associated with early stages of star formation; no other molecular masers have been detected in these directions.
Although the sample is small, the results suggest that, as in our Galaxy, H 2 O masers are associated with both the early and later stages of star formation, whereas OH masers require more restricted conditions for production and occur only in the later stages.
